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(54) OF DETECTING AND/OR MEASURING THE 

DISPLACEMENT OR DEFORMATION OF AN OBJECT 




(71) We, Compagnie Generale 
D'Eiectricite, of 54 rue la Boetie, Paris 
(8e), France, a French Company, do here- 
by declare the invention, for which we pray 
5 that a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

This invention relates to a method of de- 
10 tecting and /or measuring the displacement 
or deformation of an object. 

The measurement of the displacement or 
deformation of an object can present certain 
difficulties, especially if one does not pro- 
15 vide fixed marks nearby, the precision of 
the measurements being able to" be only of 
the same order as or even less than the dis- 
placement. 

The problems of safety posed by con- 

20 structive works in particular necessitate, 
especially in the case of dams, checking— 
continuously or periodically— their he- 
haviour which can consist ior example in 
measurements of stress or of possible dis- 

25 placement of the work. The measurements 
of displacement are long, delicate opera- 
tions, which are effected, in general, by 
methods of optical sighting which do not al- 
ways allow of obtaining the desired pre- 

30 cision, either because of the difficulties of 
replacing the apparatus in the same position 
at each measurement, or else because of the 
actual precision of the measurements which 
can render unreliable the measurement of 

35 displacements of the order of a millimetre, 
for example, even by triangulation methods! 

In another connection, it is known that 
one can take a hologram of one or several 
objects, a hologram being the photographic 

40 recording of the interference systems pro- 
duced between the light diffracted by the 
various points of the object or objects and 
a reference beam. The interference condi- 
tions necessitate that the beam illuminating 

45 the object and the reference beam be pro- 
[Price 5s. Od. (25p)] 



55 



60 



duced from the same spatially coherent 
source. This source must be strictly mono- 
chromatic if one wishes to "holograph" 
solid objects, because only then can one 
achieve the equality of the path of the re- 50 
ference team and of the light diffracted by 
the object for all the points thereof. The 
plate used for the recording must have the 
greatest possible resolution in order to be 
able to reconstruct the points of the object 
distant from the reference beam; in fact, the 
interference fringe depends on the angle be- 
tween the reference beam and the direction 
in which one sees the relevant point con- 
sidered from the photographic plate. The 
source used can be a laser functioning 
either continuously or intermittently. The 
beam is divided into two parts: the one 
illuminates the object, the other directly 
iluminates the photographic plate. One can 65 
then, starting from a hologram, reconstruct 
the original information both in amplitude 
and in phase; thus, for example, the holo- 
gram of a three-dimensional object will al- 
low of reconstructing this object in its three 
dimensions and at the position where it was 
with respect to the hologram during the re- 
cording. 

According to the present invention there 
is provided a method of detecting and/or 75 
measuring the displacement or deformation 
of an object comprising taking a hologram, 
from a fixed point of the object and a re- 
ference mark, then after an elapse of time, 
taking from the same fixed point, another 
hologram of the object and the reference 
mark, and reconstructing and comparing 
the two holograms to detect and /or measure 
the displacement and /or deformation of the 
ohject. 

A method of detecting and /or measur- 
ing the displacement or deformation of an 
object in accordance with this invention will 
now be described in more detail. 

The taking of a hologram is effected by 90- 
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placing at time 1 the photographic plate in 
a given position, at a given distance from 
the object. It is necessary, at time 2, to re- 
place oneself in the conditions of time 1, 
5 whether one wishes to position a hologram 
of time 1 for a direct comparison 
between the object and the reconstruction on 
the spot of the image provided by the holo- 
gram, or whether according to the invention 

10 one wishes to take a new hologram. To this 
end, one will provide on the spot at least 
one fixed station comprising mechanical 
means such as, for example, supports, rests 
or other arrangements for fixing the photo- 

15 graphic plate ensuring a correct adjustment 
of the hologram of time 1, or of the photo- 
graphic plate for taking a new hologram; 
the photographic plate can likewise be 
placed in an immovable manner in a frame 

20 which contains all the marks and rests 
necessary for its correct positioning on the 
fixed station. 

Given the dimension of the objects or 
constructive works the displacement of 

25 which one wishes to measure, one may be 
led to provide the fixed station or stations 
at a fairly great distance from the work, 
of the order of 100 metres for example. In 
these conditions, and taking account of the 

30 fact that it is desired to measure small dis- 
placements, of the order of a millimetre or 
of a few millimetres, a radial displacement 
of the object with respect to the hologram 
will generally be measured with too little 

35 precision, because the "base" equivalent to 
that of a telemeter will be constituted only 
by the dimension of the photographic plate; 
on the other hand, a transverse or substan- 
tially transverse displacement with respect to 

AO the hologram will be measured with pre- 
cision because the image of the mark integ- 
ral with the object provided by the holo- 
gram will be clear, and one will see at the 
same time the mark integral with the object 

,15 and its image; this image will be either dis- 
tanced with respect to the mark integral with 
the object or else merged with it, according 
to whether or not there will have been dis- 
placement of the object. One thus sees that 

50 one is led, in the general case, to take at 
least two holograms at points distant from 
one another. The mark or marks integral 
with the object will have a form such that it 
allows the measurement of the possible dis- 

55 placement; this mark can consist for ex- 
ample of lines of different directions or 
parallel to one another, of different widths, 
the spacing between the lines likewise able 
to be variable. 

60 The measurement of a possible displace- 
ment of the object can be effected, as has 
been said, by reconstructing on the spot the 
hologram taken at time 1; for that, the holo- 
gram must be illuminated with a mono- 

65 chromatic and coherent beam. Let us note 



however that the tolerance on the mono- 
chromaticity is greater than during the re- 
cording, which allows of using in the recon- 
struction a more powerful laser than that 
used during the recording. The beam illumi- 70 
nating the hologram must likewise have the 
exact direction as the reference beam had 
during the taking of the hologram at time 1, 
so that the object may be visible in the direc- 
lion and at the distance where it was during 75 
the recording. If necessary, one will be able 
to illuminate the mark integral with the ob- 
ject by means of a spotlight for example, 
which will allow of distinguishing clearly the 
image of the object, thus seeing the direction «() 
of the displacement. 

It is however possible that the wave- 
length of the radiation emitted by the laser 
during the reconstruction may be slightly 
different from the wave-length used for the 
recording of the hologram at time 1, and it 
is necessary to provide a regulation of the 
wave-length. Moreover, the gelatine consti- 
tuting the hologram can have undergone a 
more or less considerable distortion, especi- J» 
ally as a result of ambient humidity. The 
variation of the wave-length, the distortion, 
or their combination, bring about a reduc- 
tion or an enlargement of the reconstructed 
image with respect to the object. To alle- 95 
viate this difficulty, one records at the same 
time as the object a fixed mark independent 
of the object, of definite form, and one regu- 
lates, during the reconstruction on the spot, 
the direction and the wave-length of the 100 
beam emitted by the laser to obtain the 
exact superposition of the said fixed mark 
and of its image. m , 

The method of reconstruction described 
necessitates making measurements on the 105 
spot, operations which can be fairly long 
and hampered by bad weather for example; 
moreover, if one desires to preserve the 
"history" of the displacement, a new holo- 
gram must be recorded at this time 2. It is 1 10 
then possible to use the holograms of times 
1 and 2 to effect the measurement of the dis- 
placement Thus according to the invention, 
one records the hologram of time 2, still 
with the fixed mark, without other precau- j 15 
tion, and one reconstructs the holograms 
indoors for example. In fact, if the beam 
serving for the reconstruction has the geo- 
metric characteristics of the beam during 
the recording of the hologram, the object 120 
will be reconstructed life-size; but, by ex- 
ploiting the divergence and the wave-length 
of the illuminating beam, one can enlarge or 
reduce the image, as well as the distance at 
which it is reconstructed. On the other hand, 125 
one can likewise reconstruct the object in 
real image which allows a direct observation 
on a screen for example; thus, if one re- 
constructs the object with a reduction, the 
latter will be located at a lesser distance, 130 
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which is worthy of note for considerations 
of space required; the precision of the 
measurement should be less, but this is 
easily rectified by observing by means of a 

5 lens, or even a microscope, in the case of a 
real image, or by means of a magnifying 
telescope in the case of a virtual image. 

The reconstruction of the hologram of 
time 1 will allow of marking physically the 

»0 positions of the fixed mark and the mark 
integral with the object. On the reconstruc- 
tion of the hologram of time 2, one will 
cause the image of the fixed mark to coin- 
cide with the physical image of that mark. 

15 One will thus achieve the correct spacing of 
the hologram 2 with respect to the laser 
beam, and the regulation of the wavelength 
of this beam, if the wave-length of the beam 
at time 2 was different from that of time 1; 

20 there is no reason when operating thus to 
concern oneself with possible distortions 
which might have been produced on the 
gelatines of the holograms of times 1 or 2. 
The image of the mark integral with the ob- 

25 ject, given by the hologram of time 2, will 
be compared with that given by the holo- 
gram of time 1, and the displacement will 
be able to be measured by the means indi- 
cated above. 

30 Another method of measuring the possible 
displacement of the object can be used, espe- 
cially in the case of transverse displacements 
of the object with respect to the hologram, a 
case which, as already indicated, gives the 

35 greatest precision of measurement. One 
takes at time 1 several holograms of a fixed 
mark and of a mark integral with the object, 
causing the distance between the mark in- 
tegral with the object and the fixed mark to 

40 vary, by displacements of this last, by milli- 
metre steps for example, and keeping con- 
stant the distance between the fixed mark 
and the photographic plate of the hologram. 
One thus has a series of holograms num- 

45 bercd a, b, c, d, etc. corresponding to imag- 
inary displacements of the object. At a time 
2, one takes a new hologram in the condi- 
tions of the hologram a for example, which 
is possible by placing the photographic plate 

50 on the previously mentioned fixed station; 
then one compares the hologram of time 2 
successively with the holograms a, b, c, d, 
etc. of time 1, and one looks for the one 
with which it coincides, by causing the two 

55 holograms to slide with respect to one an- 
other. This method of operation is only pos- 



sible on condition that it is ensured that the 
beam used during the taking of the holo- 
gram at time 2 has the same direction and 
the same wave-length as at time 1, a condi- 60 
tion essential for obtaining identical inter- 
ference figures for the same marks. One may 
still fear a distortion of the gelatine of the 
holograms; the coincidence of the inter- 
ference figures of the fixed mark allows of 65 
ensuring whether or not there has been dis- 
tortion. 

We may note that this method of oper- 
ation does not entirely exclude recourse to 
the other methods previously described; it 70 
has however the advantage of providing 
very quickly an indication of the size of the 
displacement, which can allow of taking 
safety measures while awaiting confirm- 
ation of this displacement by one or other 75 
of the other methods. 

What has been said of time 2 is naturally 
valid for the subsequent times 3,4, etc., what- 
ever may be the method of measurements 
used. 80 

WHAT WE CLAIM IS:— 

1. A method of detecting and/or 
measuring the displacement or deformation 

of an object comprising taking a hologram, 85 
from a fixed point of the object and a re- 
ference mark, then after an elapse of time, 
taking from the same fixed point, another 
hologram of the object and the reference 
mark, and reconstructing and comparing the 90 
two holograms to detect and /or measure the 
displacement and /or deformation of the 
object. 

2. A method as claimed in Claim 1 in 
which, initially a first plurality of holograms 95 
are taken, each hologram corresponding to 

a particular position of the reference mark, 
and after the elapse of time, a second plur- 
ality of holograms are taken, each of the 
second plurality of holograms being related 100 
to a position of the reference mark which 
coincides with an individual one of the posi- 
tions of the reference mark during the first 
plurality of holograms. 

3. A method of detecting and /or 105 
measuring the displacement or deformation 

of an object as claimed in Claim 1 and sub- 
stantially as hereinbefore described. 

MARKS & CLERK, 
Chartered Patent Agents. 
Agents for the Applicants. 



Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1970 
Published at the Patent Office, 25 Southampton Buildings, London WC2A 1AY from which copies 

may be obtained. 



